Context. Astronomical survey of interstellar molecular clouds needs a previous analysis of the spectra in the microwave and sub-mm energy range to be able to identify them. We obtained very accurate spectroscopic constants in a comprehensive laboratory analysis of rotational spectra. These constants can be used to predict transition frequencies that were not measured in the laboratory very precisely. Aims. We present an experimental study and a theoretical analysis of two 18 O-methyl formate isotopologues, which were subsequently detected for the first time in Orion KL. Methods. The experimental spectra of both methyl formate isotopologues recorded in the microwave and sub-mm range from 1 to 660 GHz. Both spectra were analysed by using the rho-axis method (RAM) which takes into account the CH 3 internal rotation. Results. We obtained spectroscopic constants of both 18 O-methyl formate with high accuracy. Thousands of transitions were assigned and others predicted, which allowed us to detect both species in the IRAM 30 m line survey of Orion KL.
Introduction
Complex organic molecules are relatively heavy and therefore have their maximum absorptions in the millimeter domain at about 300 GHz. But the most abundant compounds, like methyl formate, can be detected in the ISM up to 900 GHz (Comito et al. 2005) . Since the first detection of this compound in 1975 (Brown et al. 1975; Churchwell et al. 1975) , nearly one thousand lines were detected in the ground torsional state v t = 0 (Lovas 2004) in star-forming regions (Sakai al. 2007, and references therein) . The column density depends on the object, it goes from 8.8 × 10 15 in NGC 2264 MMS 3 (Sakai al. 2007 ) to 3.4 × 10 17 cm −2 in G19.61-0.23 (Remijan et al. 2004 ). Because of this fairly high column density, some lines from the first torsional state were also detected in Orion KL (Kobayashi et al. 2007 ) and in W51e2 (Demyk et al. 2008 ).
The spectra of the complex organic molecules are dense, and when a compound is abundant, for example methyl formate, one can detect the lines from the lower energy excited states, but also those from isotopic species. They can only be unambiguously detected if laboratory measurements and theoretical modelling are performed. Accurate line-by-line predictions for the positions and intensities were obtained for this purpose. Laboratory spectroscopic studies are therefore very important to be able to satisfactorily treat the spectra that are or will be obtained with submillimeter wave facilities Herschel, ALMA, and SOFIA.
Consequently, we decided to study the entire mono-isotopic species of methyl formate (Willaert et al. 2006; Carvajal et al. 2007 Carvajal et al. , 2009 Carvajal et al. , 2010 Margulès et al. 2009a Margulès et al. , 2010 Demaison et al. 2010) . These studies allowed the detection of more than 400 lines of both 13 C isotopologues and 100 lines of DCOOCH 3 in Orion KL.
The first laboratory measurements of the rotational spectra of methyl formate were made by Curl (1959) . But the first general analysis of the internal rotation splitting (A and E) was made in 1999 (Oesterling et al. 1999) . A more complete summary of the A&A 538, A119 (2012) spectroscopic history can be found in Carvajal et al. (2009) . The only measurements of the 18 O isotopologues, available are those made in the centimeter-wave range by Curl (1959) .
A few of the 18 28 Si 18 O maser lines in Orion KL. Studying these is important for two main reasons: first, they give information about the isotopic ratio, as in the case of the detections of 18 OH (Morino et al. 1995) , HC 18 O + (Guélin et al. 1979) , or H 2 18 O (Neufeld et al. 2000) . The 18 O species were also useful to determine the isotopic ratio of 12 C-13 C in the case of CO (Langer et al. 1990) . The second reason is that the ISM spectra should be cleaned of the lines from "weed's" isotopic species to detect new species.
Experiments

Lille -FTMW spectrometer
The 1-20 GHz spectra were observed using the new molecular beam Fourier transform microwave spectrometer of Lille. The basic principles and technical details remain unchanged (Kassi et al. 2000) . The main improvement of the new spectrometer consists of two new mirrors (diameter of 0.7 m compared to 0.4 m previously) to improve the signal-to-noise ratio at low frequencies (diffraction losses). Signals were recorded in the 4-18 GHz spectral region. Methyl formate vapors at a pressure of 20 mbars were mixed with neon carrier gas at a backing pressure of 1.5 bar. The mixture was introduced into a Fabry-Perot cavity at a repetition rate of 1.5 Hz. Molecules were polarized within the supersonic expansion by a 2 µs pulse and the free induction decay signal was detected and digitized at a repetition rate of 120 MHz. After transformation of the time domain signal into the frequency domain, molecular lines were observed as Doppler doublets, with a signal point every 0.92 kHz, resulting from the average of about 100 coded signals. Transition frequency was measured as an average of the two Doppler components and for most of the lines the uncertainty of the measurements is estimated to be less than 2 kHz.
Oslo -Stark centimeter wave spectrometer
The spectra of HC 18 OOCH 3 and of HCO 18 OCH 3 were recorded in the 7-80 GHz spectral region using the Stark-modulated microwave spectrometer of the University of Oslo. Details of the construction and operation of this spectrometer have been given elsewhere (Møllendal et al. 2005 . The spectrum was taken at room temperature, or at roughly -20
• C at a pressure of approximately 10 Pa, employing a Stark field strength of about 1100 V/cm. The frequency of individual transitions has an estimated accuracy of ≈0.15 MHz
Lille -Submillimeter wave (SMM) spectrometer
The submillimeter-wave measurements (150-660 GHz) were performed using the Lille spectrometer (Motiyenko et al. 2010 ). In the frequency ranges: 150-322 and 400-533 GHz the solid state sources were used. The frequency of the Agilent synthesizer (12.5-17.5 GHz) was first multiplied by six and amplified by a Spacek active sextupler, providing the output power of +15 dBm in the W-band range (75-110 GHz). This power is high enough to use passive Schottky multipliers (X2, X3, X5) from Virginia Diodes Inc. in the next stage of the frequency multiplication chain.
In the frequency range from 580 to 660 GHz our new fastscan spectrometer was applied. In general this is a usual absorption spectrometer. As a radiation source we applied the Istok backward wave oscillator (BWO). It was phase-locked to a harmonic of Agilent E8257D synthesizer which provided in our design large-step (∼100 MHz) frequency control. A highresolution fast frequency scan provided by a direct digital synthesizer, which is used as a reference source of BWO's PLL (phase-locked loop). This solution allows us to reach a very high speed of spectra records of up to 100 GHz per hour. As a detector we used an InSb liquid He-cooled bolometer from QMC Instruments Ltd. To improve the sensitivity of the spectrometer, the sources were frequency-modulated at 10 kHz. The absorption cell was a stainless-steel tube (6 cm diameter, 220 cm long). The sample pressure during measurements was about 2.5 Pa and the linewidth was limited by Doppler broadening. The measurement accuracy for isolated line is estimated to be better than 30 kHz. However, if the lines were blended or had a poor signalto-noise ratio they were given a weight of 100 or even 200 kHz. • C and we added sulfuric acid (1.0 g, 10 mmol). The mixture was then cooled in a liquid nitrogen bath and evacuated (0.1 mbar). The stopcock was closed and the solution was heated up to 40
• C and stirred overnight at this temperature. The cell was then adapted to a vacuum line equipped with two traps. The solution was distilled and higher boiling compounds were trapped in the first trap immersed in a bath cooled at -70
• C and the methyl formate H 3 COC( 18 O)H (0.57 g, 9.2 mmol) was condensed in the second trap immersed in a liquid nitrogen bath (−196 • C). Yield: 92% but the methanol was quite difficult to remove completely and only 0.4 g of the pure product was isolated after a second trapto-trap distillation with a first trap cooled at -90
• C (with another sample containing about 20% of methanol).
H 3 C 18 OC(O)H. The synthesis reported for the 13 C derivative (Carvajal et al. 2009) 
Theoretical model
The theoretical model and the so-called RAM method (rho-axis method) used for the present spectral analyses and fits of the HC 18 OOCH 3 and HCO 18 OCH 3 species have also been used previously for a number of molecules containing an internal methyl rotor (see for example Ilyushin et al. 2003 Ilyushin et al. , 2008 and in particular for the normal species of the cis-methyl formate (Carvajal et al. 2007; Ilyushin et al. 2009 ), for the H 13 COOCH 3 and HCOO 13 CH 3 species (Carvajal et al. 2009 (Carvajal et al. , 2010 and for DCOOCH 3 . The RAM Hamiltonian used in the present study is based on previous works (Kirtman 1962; Lees & Baker 1968; Herbst et al. 1984) . This method takes B. Tercero et al.: Microwave and sub-mm spectroscopy and first ISM detection of 18 O-methyl formate its name from the choice of the axis system that allows one to minimize the coupling between internal rotation and global rotation in the Hamiltonian, at least to zeroth order. Because this method has been presented in great details in the literature (Lin & Swalen 1959; Hougen et al. 1994; Kleiner 2010 ), we will not describe it here. The principal advantage of the RAM global approach used in our code BELGI, which is publicly available 1 , is its general approach that simultaneously takes into account the A-and Esymmetry species in our fit. All the torsional levels that originated from one given vibrational state and the interactions within those rotation-torsion energy levels are also included in the rotation-torsion Hamiltonian matrix elements. The various rotational, torsional and coupling terms between rotation and torsion that we used for the fit of the HC 18 OOCH 3 and of HCO 18 OCH 3 species were defined previously for the normal methyl formate species (Carvajal et al. 2007 ). The labelling scheme of the energy levels and transitions used for methyl formate was also described in the same reference, as was the connection with the more traditional J K a ,K c labelling.
The HC 18 OOCH 3 and HCO 18 OCH 3 species share a number of spectroscopic characteristics with the other isotopologues of the cis-methyl formate molecule that are summarized in Demaison et al. (2010) (Chao et al. 1986 ). But like the other isotopologues of methyl formate we studied, no perturbation was observed in the ground state v t = 0 data, and this was assumed in the present fit of the 18 O species.
Assignments and fit
We started the present analysis by including transitions corresponding to low values of the rotational quantum number J in the fit, floating the lower order terms, i.e. the rotational parameters A, B, C and D ab used in the RAM non principal axis system, the potential barrier V 3 and ρ, the coupling term between the internal rotation angular momentum and the global rotation angular momentum. The internal rotation constant F was kept fixed to its value determined in a fit of the ground and first torsional states v t = 0 and 1 of the normal species of methyl formate (Carvajal et al. 2007) . After fitting transitions corresponding to low J values, we gradually included transitions with higher J values. (Ilyushin et al. 2009; Carvajal et al. 2009; Margulès et al. 2009a; Carvajal et al. 2010) . Table 3 compares the results of the fits using the code BELGI for the various isotopologues of methyl formate, using the same RAM method. Table 3 gives the values of the internal rotation parameters (V 3 , F and the reduced height s = 4V 3 /9F and ρ), the angle θ RAM between the RAM a axis and the principal axis, the angle <(i, a) between the direction of the methyl group and the principal a axis, the maximum values of J max , K max , v tmax reached in the analysis, the number of lines included in the fit, the number of floated parameters, and the unitless standard deviations. One comment should be made on the internal rotation constant F and barrier height V 3 values appearing in Table 3 . As already mentioned in Carvajal et al. (2009) , an analysis of rotational transitions belonging to the excited torsional states have not been performed for any of the isotopologues of methyl formate (except for the normal species H 12 COO 12 CH 3 and H 13 COO 12 CH 3 for which we recently fitted rotational lines belonging to v t = 1 Carvajal et al. 2010 ). The two torsion parameters V 3 (the height of the barrier) and F (the internal rotation parameter) are therefore highly correlated in this case and cannot be fitted simultaneously. The value of the F parameter of HCOO 13 CH 3 species A&A 538, A119 (2012) Table 4 . The observed minus calculated residuals are given in the supplementary Table S1 .
(b) Sources of data: FTMW-LILLE, SMM-LILLE and OSLO data comes from present work, see experimental section.
(c) Range containing the measurements in a given row.
(d) v t state and maximum J and K a for each group of measurements.
(e) Number of MW lines in each uncertainty group.
( f ) One-sigma standard uncertainty in MHz used in the fit.
(g) Root-mean-square deviation in MHz for each group.
(h) The SMM-LILLE spectrometer spectral ranges for these measurements are: 150-322 GHz, 400-533 GHz and 583-660 GHz. 
Notes.
(a) Parameter values are given in Table 5 . The observed minus calculated residuals are given in the supplementary Table S2 .
(d) v t state and maximum J and K a for each group of measurements. (e) Number of MW lines in each uncertainty group.
(h) The SMM-LILLE spectrometer spectral ranges for these measurements are 150-322 GHz, 400-533 GHz and 583-660 GHz. Table 3 . Comparison of results of the fits using the code BELGI for the various isotopologues of methyl formate, using the same RAM method. 
(a) Reduced height s = 4V 3 /9F (unitless). (b) Coupling constant between internal and global rotation (unitless). (c) Angle between the rho-axis system and the principal axis system, for C s molecules, in degrees. (d) Angle between the methyl top symmetry axis and the a principal axis, in degrees.
(e) Number of lines included in the fit.
( f ) Number of parameters used in the fit.
(g) Unitless Root-mean-square deviations, which should be 1.0 if the fit were good to experimental uncertainty.
is fixed to its ab initio value calculated in the equilibrium structure at the CCSD(T)/cc-pV5Z + core-correction level of theory (5.69 cm −1 ), whereas for DCOOCH 3 and the two 18 O-methyl formate species, F is fixed to the ground state v t = 0 value of the normal species (5.49 cm −1 ). Finally, for the 13 C 2 -methyl formate, DCOOCH 3 and the 18 O isotopologues, the V 6 parameter, which is the second term in the torsional potential Fourier series 
(1 − cos 3γ) P (1 − cos 3γ)(
Notes.
(a) Notation from Ilyushin et al. (2008) ; n = l + m, where n is the total order of the operator, l is the order of the torsional part and m is the order of the rotational part.
(b) Notation from Ilyushin et al. (2008) . {A, B} = AB + BA. The product of the parameter and operator from a given row yields the term actually used in the vibration-rotation-torsion Hamiltonian, except for F, ρ and A RAM , which occur in the Hamiltonian in the form
Value of the internal rotation constant F was kept fixed to the HCOOCH 3 value from Carvajal et al. (2007) . cannot be determined. This V 6 term is fairly high for normal methyl formate (23.9018(636) cm −1 ) and we expect its value to be of the same magnitude for the other methyl formate species. However, in the absence of excited torsional transitions we cannot fit V 6 parameter in the cases of 13 C 2 -methyl formate, DCOOCH 3 or for the 18 O isotopologues; we fixed its value to zero. For these reasons, the values of V 3 determined for these methyl formate isotopologues can only be considered as effective values that contain the contribution of V 6 .
The two 18 O-methyl formate species show excellent rootmean-square deviations (rms). For HC 18 OOCH 3 , however, many lines were overlapped by transitions originated from the methanol molecule used during the synthesis and was still present in very small amounts in the sample even though it was purified (see experimental section). Therefore less lines were available for the analysis of the HC 18 OOCH 3 isotopologue than for the HCO 18 OCH 3 isotopologue. Tables 4 and 5 show the 31 and 30 parameters (including the fixed parameter F) used in our fit of the ground torsional state of the HCO 18 OCH 3 and HC 18 OOCH 3 species. The two sets of parameters are similar.
Line strengths
The intensity calculations for the two 18 O species of methyl formate were performed using the same method as described in Hougen et al. (1994) ; Ilyushin et al. (2008) , and applied for the normal species by Carvajal et al. (2007) , the 13 C species (Carvajal et al. 2009 (Carvajal et al. , 2010 and for DCOOCH 3 . For this reason we will not repeat it here. The line strength calculation for the 18 O species was performed using the same value for the dipole moment as for the parent methyl formate ). This assumption was made because the angle between the internal axis of the methyl top and the principal a-axis does not change much upon substitution (see the <(i, a) angle values in Table 6 ). All other structural parameters such as the angle between RAM and PAM axes (θ RAM ) and the ρ parameter do not change much upon substitution (see Table 6 ). Because the changes in the structure in the various isotopomers are not important, we assumed that the dipole moment does not change considerably from one species to another. The dipole moment components of HCO 18 OCH 3 and HC 18 OOCH 3 in RAM axis system that we used for the intensity calculations are µ Tables A1 and A2, which are part of the supplementary Tables S1 and S2 (available on CDS) in the appendix. They contain all included lines from our fit for the HCO 18 OCH 3 and HC 18 OOCH 3 methyl formate species. They show the line assignments, the observed frequencies with measurement uncertainty (in parenthesis), the computed frequencies, observedcalculated values, the line strength for the v t = 0 transitions, and the lower-state energy relative to the J = K = 0 A-species level taken as zero-energy level.
18 O-HCOOCH 3 detection in Orion KL
Thanks to the new laboratory frequencies provided above, we have detected the two 18 O isotopologues of HCOOCH 3 in the IRAM 30 m line survey of Orion KL presented in Tercero et al. (2010 Tercero et al. ( , 2011 . After summarizing the observations, data reduction, and overall results of that line survey (Sect. 6.1), we concentrated on the detection of the two 18 O isotopologues of HCOOCH 3 and their analysis (Sect. 6.2). This is the last of a series of papers dedicated to the different isotopologues of methyl formate (laboratory frequencies and detection in Orion KL, see Carvajal et al. 2009; ).
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(b) Notation from Ilyushin et al. (2008) . {A, B} = AB + BA. The product of the parameter and operator from a given row yields the term actually used in the vibration-rotation-torsion Hamiltonian, except for F, ρ and A RAM , which occur in the Hamiltonian in the form (7) 26.2053 (6) Notes. Angles between the principal axis and the methyl top axis. (a) Rotational constants obtained in our work for RAM-axis system (see Tables 4  and 5 for HCO 18 OCH 3 and HC 18 OOCH 3 ). (b) Rotational constants of our work transformed to the principal axis system and angles in degrees between the principal axis (a, b, c) and the methyl top axis (i).
(c) The angle θ RAM angle between the a-principal axis and the a-RAM axis is given in degrees and obtained from Eq. 
Observations, data reduction, and overall results of the line survey
The observations were carried out using the IRAM 30m radio telescope during September 2004 (3 mm and 1.3 mm windows), March 2005 (full 2 mm window), April 2005 (completion of 3 mm and 1.3 mm windows), and January 2007 (maps and pointed observations at particular positions). Four SiS receivers operating at 3, 2, and 1.3 mm were used simultaneously with image sideband rejections within 20-27 dB (3 mm receivers), 12-16 dB (2 mm receivers) and 13 dB (1.3 mm receivers). System temperatures were in the range 100-350 K for the 3 mm receivers, 200-500 K for the 2 mm receivers, and 200-800 K for the 1.3 mm receivers, depending on the particular frequency, weather conditions, and source elevation. For frequencies in the range 172-178 GHz, the system temperature was significantly higher, 1000-4000 K, owing to proximity of the atmospheric water line at 183.31 GHz. The intensity scale was calibrated using two absorbers at different temperatures and the atmospheric transmission model (ATM, Cernicharo 1985; Pardo et al. 2001 ). Pointing and focus were regularly checked on the nearby quasars 0420-014 and 0528+134. Observations were made in the balanced wobbler-switching mode, with a wobbling frequency of 0.5 Hz and a beam throw in azimuth of ±240 . No contamination from the off-position affected our observations except for a marginal one at the lowest elevations (∼25
• ) for molecules showing low J emission along the extended ridge.
Two filter banks with 512 × 1 MHz channels and a correlator providing two 512 MHz bandwidths and 1.25 MHz resolution were used as backends. We pointed towards the IRc2 source at α 2000.0 = 5 h 35 m 14.5 s , δ 2000.0 = −5 • 22 30.0 (J2000.0). Although we had a good receiver image-band rejection, each setting was repeated at a slightly shifted frequency (10-20 MHz) to manually identify and remove all features arising from the image side band. The spectra from different frequency settings were used to identify all potential contaminating lines from the image side band. In some cases it was impossible to eliminate the contribution of the image side band and we removed the signal in those contaminated channels, leaving holes in the data. The total frequencies blanked this way represent less than 0.5% of the total frequency coverage. We removed most of the features from the image side band above a 0.05 K threshold.
Within the 168 GHz bandwidth covered (80-115.5, 130-178, and 196-281 GHz), we detected more than 14 600 spectral features of which ∼10 200 were already identified and attributed to 43 molecules, including 148 different isotopologues and vibrationally excited states. Any feature covering more than 3-4 channels and of intensity greater than 0.02 K is above 3σ and was considered to be a line in our survey. In the 2 mm and 1.3 mm windows the features weaker than 0.1 K have not yet been systematically analysed, except when searching for isotopic species with good laboratory frequencies. We therefore expect to considerably increase the number of both identified and unidentified lines. We note that the number of U lines was initially much larger. Identification of some isotopologues of most abundant species allowed us to reduce the number of U-lines at a rate of ∼500 lines per year (see, as examples, Demyk et al. 2007; Margulès et al. 2009b; Carvajal et al. 2009; ). We used standard procedures to identify lines above 0.2 K including all possible contributions (taking into account the energy of the transition and the line strength) from different species. Thanks to the wide frequency coverage of our survey, many rotational lines were observed for each species, hence it is possible to estimate the contribution of a given molecule to the intensity of a spectral feature where several lines from different species are blended.
In agreement with previous works, four different spectral cloud components were defined in the analysis of low angular resolution line surveys of Orion KL where different physical components overlap in the beam. These components are characterized by different physical and chemical conditions (Blake et al. 1987; Blake et al. 1996; Tercero et al. 2010 Tercero et al. , 2011 : (i) a narrow or "spike" (∼4 km s −1 line-width) component at v LSR 9 km s −1 delineating a north-to-south extended ridge or ambient cloud (T k 60 K, n(H 2 ) 10 5 cm −3 ); (ii) a compact and quiescent region, the compact ridge, (v LSR 8 km s −1 , ∆v 3 km s −1 , T k 110 K, n(H 2 ) 10 6 cm −3 ) identified for the first time by Johansson et al. (1984) ; (iii) the plateau, a mixture of outflows, shocks, and interactions with the ambient cloud (v LSR 6−10 km s −1 , ∆v 25 km s −1 , T k 150 K, n(H 2 ) 10 6 cm −3 ); (iv) a hot core component (v LSR 5 km s −1 , ∆v ∼ 10 km s −1 , T k 225 K, n(H 2 ) 5 × 10 7 cm −3 ) first detected in ammonia emission Morris et al. (1980) . Methyl formate (in general, organic saturated O-rich molecules) emission comes mainly from the compact ridge component.
Detection and astronomical modelling
We have detected the 18 O isotopologues of HCOOCH 3 in states A and E through 80 emission lines of the line survey. Despite the large number of line blends in the 80-280 GHz domain, we were able to assign these 80 lines to HCO 18 OCH 3 and HC 18 OOCH 3 . Table 7 gives the observed line intensities and frequencies together with the predicted frequencies from the rotational constants derived in this paper for all lines of these isotopologues that are not strongly blended with other lines from other species. All emission lines expected to have a T MB above 0.1 K (those lines that correspond with the overlap of different a-type transitions with K a = 0, 1 in the 1.3 mm domain) were detected. Unfortunately, several of them are blended with strong emission lines from other molecules; Table 7 gives information on these contaminating lines. There is no strong line expected that is not observed in the astronomical spectra. In addition, Table 7 gives the line intensity derived from the model predictions (see below). The observed brightness temperature for the lines in Table 7 has been obtained from the peak emission channel in the spectra. To quantify the contribution of possible blending, all contaminating species should be modelled. Hence, we limited ourselves in Table 7 to those lines that are practically free of blending or that only are affected by other weak lines. Consequently, our observed main beam temperatures have to be considered as upper limits for these weakly blended lines. The predicted intensities agree quite well with the observations of the 80 spectral lines detected, with 40 lines practically free of blending with other species.
All together these observations ensure the detection of 18 O-methyl formate in Orion KL.
Figures 1 and 2 show selected detected lines at 3 and 2 mm and at 1.3 mm, respectively, together with our best model (see below). In those figures we have tried to display no strongly contaminated lines (at least one per box). The overlaps with other species are quoted in Table 7 . In addition, both figures show many detected lines without blending with other species, which support the first detection in space of both 18 O methyl formate isotopologues.
Following the models made by Margulès et al. (2010) , we consider that the line profiles of methyl formate display the four components of Orion KL quoted above. We added an additional component for the compact ridge with a kinetic temperature of 250 K to better reproduce the line profiles of all isotopologues of HCOOCH 3 in all spectral windows of the 30-m survey (this inner and hotter component of the compact ridge is required for fitting the emission lines of different molecules in the HIFI domain on-board the Herschel Space Observatory; Tercero et al. and Marcelino et al. both in prep.) . Because of the weakness of 18 O methyl formate lines, the plateau component is not needed to reproduce the observations of these isotopologues. Therefore, in this case, we assume that the emission of 18 O methyl formate comes from the compact ridge, "hot" compact ridge, extended ridge, and hot core.
We used LTE approximation in all cases (for the extended ridge, both compact ridges, and hot core). The lack of collisional rates for this molecule prevents a more detailed analysis of the emission of methyl formate. Nevertheless, taking into account the physical conditions of the different cloud components, we expect that this approximation works reasonably well. Only for the extended ridge we were able to obtain non LTE conditions. However, the lines affected by this cloud component are those involving low-energy levels, for which its contribution is less than 50%. Its effect on the lines associated with high-energy levels is negligible.
For each cloud component we assumed uniform physical conditions for the kinetic temperature, density, radial velocity, and line width (see parameters quoted in Sect. 6.1). We adopted these values from the data analysis (Gaussian fits and an attempt to simulate the line profiles for several molecules with LTE A&A 538, A119 (2012) and LVG codes in that line survey, see Tercero et al. 2010 Tercero et al. , 2011 as representative parameters for the different cloud components. Our modelling technique also took into account the size of each component and its offset position with respect to IRc2. Corrections for beam dilution were applied to each line depending on their frequency. The only free parameter is therefore the column density. Taking into account the compact nature of most cloud components, the contribution from the error beam is negligible except for the extended ridge, which has a small contribution for all observed lines. In addition to line opacity effects, we discussed other sources of uncertainty in Tercero et al. (2010) .
Owing to the weakness of the observed lines of 18 O-methyl formate, we estimated the uncertainty to be 50% for the column density results.
We assumed a source size of 15 , 10 , 10 , and 120 of diameter with uniform brightness temperature and optical depth over this size, placed 7 , 7 , 2 , and 0 from the pointed position for the compact ridge, the "hot" compact ridge, the hot core, and the extended ridge, respectively. The column densities we show are for each state (A, E) of both 18 O-methyl formate isotopologues. Column density results were derived for each component obtaining (4 ± 2) × 10 13 , (1.5 ± 0.7) × 10 13 , (2 ± 1) × 10 13 , and (2 ± 1) × 10 13 cm −2 for the "hot" compact ridge, compact ridge, hot core, and extended ridge, respectively. The total column density derived for each isotopologue is (1.0 ± 0.5) × 10 14 cm −2 . Hence, no isotopic fractionation is found for the two isotopologues 18 O of methyl formate. Because methyl formate is mainly emitted from the compact ridge components, we assumed a radial velocity of 7.5 km s −1 for the observed frequencies given in Table 7 and Figs. 1 and 2.
Figures 1 and 2 and Table 7 show the comparisons between model and observations. The differences between the intensity of the model and the peak intensity of the observed lines are mostly caused by the contribution of many other molecular species (the frequent overlap with other lines makes it difficult to provide a good baseline for the weak lines of 18 O-methyl formate). Nevertheless, the observed line intensity of isolated detected lines of 18 O-methyl formate agrees with the model predictions. The complete modelling of methyl formate including the main isotopologue, the torsionally excited states, and the detected isotopologues, will be published elsewhere (López et al., in prep.) .
Together with the results obtained in our previous papers concerning methyl formate (Carvajal et al. 2009; Margulès et al. 2010) , we can derive the following ratios for each 18 218 both for the compact ridge component (sum of outer and inner compact ridge). Tercero et al. (2010 Tercero et al. ( , 2011 assigned to the tentative detection of DCOOCH 3 (Carvajal et al. 2009; Margulès et al. 2010 ) contribute with more than 800 lines in the 80-280 GHz domain covered by the Orion line survey of Tercero et al. (2010) .
Conclusion
We measured and analysed the two 18 O isotopic species of methyl formate up to 660 GHz. We treated the internal rotation motion using the rho-axis-method and the BELGI code. We included 4430 and 3258 lines in the fits of 30 and 29 parameters for the ground torsional state for the HCO 18 OCH 3 and HC 18 OOCH 3 species, respectively. Following these studies, accurate predictions of line positions and intensities were performed. The line survey of Orion KL with the IRAM 30-m telescope permitted the detection of 80 spectral features that correspond to the first detection of the HCO 18 OCH 3 and HC 18 OOCH 3 species. Table 5 
